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Abstract
In this paper, using a model of N = 2 supergravity - vector multiplets interaction
with the scalar field geometry SU(1,m)/SU(m) ⊗ U(1) as an example, we show that
even when the geometry is fixed one can have a whole family of the Lagrangians that
differ by the vector field duality transformations. As a byproduct, for this geometry
we have constructed a model of (m− 1) vector multiplets interacting with the hidden
sector admitting spontaneous supersymmetry breaking with two arbitrary scales and
without a cosmological term.
∗E-mail address: ZINOVIEV@MX.IHEP.SU
1 Introduction
Recently there was essential progress in understanding of general coupling of N = 2 super-
gravity to vector multiplets (as well as hypermultiplets) and of geometrical aspects in such
models [1]. As is well known (e.g. [2]) not all of the isometries of the manifold spanned by
scalar fields turn out to be the symmetry of the Lagrangian, part of them (containing vector
fields duality transformations) being a symmetry of the equations of motion only. First of
all this leads to the existence of different (we will call them dual) versions of supergravity
- vector multiplets interaction with the same geometry in which part of the vector fields
are replaced by axial vector ones. For example, there exist two different models for one
vector multiplets with the scalar field geometry SU(1, 1)/U(1). One of them is so called
minimal model [3] when the Lagrangian is invariant under non-compact subgroup O(1, 1).
Another one appeared as a part of the hidden sector in our search [4] for mechanism of spon-
taneous supersymmetry breaking with two arbitrary scales (including partial super-Higgs
effect) without a cosmological term. In this model two vector fields (graviphoton and the
matter one) enter the Lagrangian and the supertransformation laws through the complex
combinations Aµ±γ5Bµ, the Lagrangian being invariant under the compact U(1)-subgroup.
The aim of this paper is to show that the invariance of the equations of motion under
duality transformations leads to the existence of the whole family of the Lagrangians with the
same scalar field geometry. At first we have constructed the general coupling of one vector
multiplet to N = 2 supergravity with the geometry SU(1, 1)/U(1) which can smoothly
interpolates between two models mentioned above. Then we have managed to generalize
this model to the case of arbitrary number of vector multiplets, the scalar field geometry
being SU(1, m)/SU(m) ⊗ U(1). As a partial but physically a most interesting case we
obtained the model for (m−1) vector multiplets interacting with our hidden sector. It turns
out that in this model one really can have spontaneous supersymmetry breaking without a
cosmological term.
2 Dual versions of N = 2 supergravity
Let us use as an example the well known model of theN = 2 supergravity — vector multiplets
interaction with the scalar field geometry SU(1, m)/SU(m)⊗U(1). The most simple way to
describe this model is to introduce, apart from the graviton eµr and gravitini Ψµi, i = 1, 2,
m+1 vector multiplets {AµA,ΩiA, zA}, A = 0, 1, ...m. The following constraints correspond
to the model with required geometry:
z¯A · zA = −2 zA · ΩiA = 0 (1)
Note that we use the γ-matrix representation in which majorana spinors are real, so in
all expressions with spinors the matrix γ5 will play a role of the imaginary unit i, e.g.,
zA · ΩiA = (xA + γ5yA) · ΩiA. In this, the theory has local axial U(1) invariance with
composite gauge field Uµ = (z¯A∂µz
A). The corresponding covariant derivatives look like,
e.g.,
DµzA = ∂µzA + 1
2
(z¯∂µz)z
A, z¯ADµzA = 0
1
Dµηi = Dµηi − 1
4
(z¯∂µz)ηi (2)
Here and further we drop, wherever possible, the repeated indices. In this notations the
Lagrangian has the form:
L = −1
2
R +
i
2
εµνρσΨ¯µ
iγ5γνDρΨσi + 1
2
Ω¯iDˆΩi + 1
2
Dµz¯Dµz −
−1
4
Aµν
2 +
1
4
{
1
z2
(zAµν)(z(Aµν + iA˜µν)) + h.c.
}
−
−1
2
εijΨ¯µi
z¯A
z¯2
(Aµν − γ5A˜µν)AΨνj − 1
2
εijΩ¯i
AγµγνDνzAΨµj +
+
i
4
Ω¯i
Aγµ
[
(σA)A − z
A(z(σA))
z2
]
Ψµi (3)
where now and further on we omit all four fermion terms which will not be essential for our
consideration. This Lagrangian is invariant under the following local supertransformations:
δeµr = i(Ψ¯µ
iγrηi)
δΨµi = 2Dµηi − i
2
εij
(z(σA))
z2
γµη
j
δAµ
A = εij(Ψ¯µiz
Aηj) + i(Ω¯
iAγµηi) (4)
δΩiA = −1
2
[
(σA)A − z
A(z(σA))
z2
]
ηi − iεijDˆzAηj
δxA = εij(Ω¯iAηj) δy
A = εij(Ω¯iAγ5ηj)
Now let us discard for a moment vector multiplets with a = 2, 3...m and consider the
most general interaction of one vector multiplet with N = 2 supergravity keeping the scalar
field geometry fixed (it is just SU(1, 1)/U(1) in this case). The requirement of axial U(1)
invariance and the constraints (1) lead to the following ansatz for the supertransformations:
δΨµi = 2Dµηi − i
2
εijEα(σA)
αγµη
j
δAµ
α = εij(Ψ¯µiz
aKa
αηj)− i(λ¯iaγµKaαηi) (5)
δλia =
1
2
εabz
b(Mα(σA)
α)ηi − iεijDˆzaηj
δxa = ε
ij(λ¯iaηj) δya = ε
ij(λ¯iaγ5ηj)
where Ka
α is a constant two by two matrix, and Eα and Mα are functions of z
a with axial
charge +2. The requirement of the closure of the superalgebra leads to the following equation
for them:
KαEβ +NαMβ = δαβ (6)
where Kα = z
aKa
α, Nα = z
aNaα and Naα = εabK¯
b
α. This equation allows one to express
the functions Eα and Mα in terms of Kα, namely
Eα =
εαβNβ
∆
, Mα = −εαβKβ
∆
, ∆ = εαβKαNβ (7)
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The corresponding Lagrangian has the form:
L = −1
2
R +
i
2
εµνρσΨ¯µiγ5γνDαΨβ + i
2
λ¯iγµDµλi + 1
2
DµzaDµz¯a −
−1
4
[fαβAµν
αAµν
β − gαβAµναA˜µνβ]− 1
2
εijλ¯iaγ
µγνDνzaΨµj
−1
2
εijΨ¯µi(A
µν − γ5A˜µν)αE¯αΨνj − i
4
λ¯iaε
abz¯bγ
µMα(σA)
αΨµi (8)
where fαβ and gαβ are real and symmetric functions to be determined. The requirement
of the Lagrangian to be invariant under the supertransformations given above leads to the
following equations:
fαβ = 2(EαE¯β +MαM¯β)
δ(fαβ + γ5gαβ)
δza
= 4εabz
bM(αEβ) (9)
The first one determines the function fαβ and, in order this function to be symmetric, leads
to the (only) constraint on the matrix Ka
α:
εαβK¯aαKaβ = 0 (10)
As for the second one, it could be solved by the following ansatz:
fαβ + γ5gαβ = HαEβ +GαMβ (11)
where Hα = z
aHaα, Gα = z
aGaα and Gaα = −εabH¯bα. Now both equations (9) are satisfied
if
H¯aαKaβ +HaαK¯
a
β = −2δαβ (12)
Note, that this equation determines the matrix Haα only up to the arbitrary constant due
to the possibility to make a shift Haα → Haα + ωγ5εαβKaβ. This, in turn, implies that the
function gαβ is determined up to the arbitrary constant, but that leads to the Lagrangians
that differ only by the total divergency.
Thus, we have managed to construct a whole class of Lagrangians with the same scalar
field geometry and different dual forms for vector fields, which are determined by the constant
matrix Ka
α with the only constraint (10) on it. As partial cases we have usual ”minimal”
case, corresponding to the choice Ka
α =
(
1 1
−1 1
)
, and the dual version that we men-
tioned above, with Ka
α =
(
1 γ5
−1 −γ5
)
(we will give corresponding Lagrangian and the
supertransformations in the next section).
At thirst sight it seems that it is not easy to generalize the solution obtained to the case
of arbitrary number of vector multiplets. In order to do that note, first of all, that the part
of the supertransformations for gravitini containing vector fields could be rewritten in a very
suggestive form:
δΨµi = − i
2
εij
(zaE˜aα(σA)
α)
zagabzb
γµη
j (13)
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where we introduced:
E˜aα = εabεαβK¯
bβ gab = ε
αβKaαNbβ (14)
Moreover, in the case when det(gab) 6= 0 the corresponding part of the λ-supertransformations
could be rewritten as:
δλia = −1
2
[
Eaα(σA)
α − gabz
b(zcEcα(σA)
α)
(zgz)
]
ηi (15)
Now we are ready to consider the generalization of this formulas on the case of arbitrary
number of vector multiplets. For that we make the following ansatz for the supertransfor-
mations:
δeµr = i(Ψ¯µ
iγrηi)
δΨµi = 2Dµηi − i
2
εij
zAEAα(σA)
α
(zgz)
γµη
j
δAm
α = εij(Ψ¯µiz
AKA
αηj) + i(Ω¯
iAγµKA
αηi) (16)
δΩiA = −1
2
[
EAα(σA)
α − gABz
B(zCECα(σA)
α)
(zgz)
]
ηi − iεijDˆzAηj
δxA = εij(Ω¯iAηj) δy
A = εij(Ω¯iAγ5ηj)
and for the Lagrangian:
L = −1
2
R +
i
2
εµνρσΨ¯µ
iγ5γνDρΨσi + i
2
Ω¯iADˆΩiA + 1
2
Dµz¯ADµzA −
−1
4
Aµν
αEAαE¯
A
βAµν
β +
1
4
[
(zEAµν)(zE(Aµν + γ5A˜µν))
(zgz)
+ h.c.
]
−
−1
2
εijΨ¯µi
z¯AE¯
A
α(A
µν − γ5A˜µν)α
(z¯g¯z¯)
Ψνj − 1
2
εijΩ¯iAγµγνDνzAΨµj +
+
i
4
Ω¯iAγµ
[
EAα(σA)
α − gABz
B(zE(σA))
(zgz)
]
Ψµi (17)
In this, the requirements of the closure of the superalgebra and the invariance of the La-
grangian give:
K¯AαEAβ = δ
α
β gAB = KA
αEBα EA[αE¯
A
β] = 0 (18)
The first two equations allow one to express KA
α and gAB in terms of the EAα while the last
one turns out to be the only constraint on EAα. Note that in such model vector fields Aµ
α
and spinor ΩiA and scalar z
A fields carry different kind of indices exactly as in the general
construction of [1].
3 Spontaneous supersymmetry breaking
In this section we would like to explain how the results obtained above are connected with
the problem of spontaneous supersymmetry breaking. As we have already mentioned there
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exist the hidden sector (N = 2 supergravity, vector and hypermultiplet) admitting sponta-
neous supersymmetry breaking with two arbitrary scales and without a cosmological term.
The two vector fields (graviphoton and the matter one) enter through complex combina-
tions Aµ ± γ5Bµ and it seemed that the only natural generalization of this model to the
case of arbitrary number of vector multiplets is the model with the scalar field geometry
SO(2, m)/SO(m)⊗ SO(2). Indeed it has been shown [5, 6] that for this case one can have
spontaneous supersymmetry breaking for arbitrary number of vector and hypermultiplets
and the corresponding soft breaking terms have been calculated.
Now using the general formulas given in the previous section we can obtain as a par-
tial case the generalization of our hidden sector to the case of scalar field geometry being
SU(1, m)/SU(m)⊗U(1). But the case of interest turns to be the singular one corresponding
to the degenerate matrix Eaα and hence gab. Let us stress however that our general solution
for one vector multiplets had no singularities in this case. It is in rewriting it in a ”covariant”
form that one faces the requirement the matrix gab to be nondegenerate. So let us split the
vector fields onto the hidden sector (graviphoton and one vector fields) and ”matter” ones.
Moreover, in order to be able to compare the results with the previously obtained, it turns
out to be useful to write all the formulas in term of the physical scalar and spinor fields. In
order to solve the constraints (1) we introduce a kind of ”light cone” variables, namely, we
split zA = {x+ y, x− y, za}, a = 2, 3....m. Then the scalar field constrains takes the form:
x¯y + xy¯ = 1 +
z¯az
a
2
(19)
Now we introduce a new variable π = −i( x¯
y¯
− x
y
) (a choice of such combination will become
clear later) so that we can exclude the field x and reexpress all formulas in term of y, π and
za. It turns out that in order to have canonical form of the scalar field kinetic terms one
has to make a change za → yza. Then the only scalar field having nonzero axial charge is y
and we can use local axial U(1) invariance to make it real. Denoting this real field by Φ we
obtain:
1
2
Dµz¯ADµzA =
(
∂µΦ
Φ
)2
+
1
2
Φ2∂µz¯∂µz − 1
4
Uµ
2 (20)
where Uµ = (z¯A∂µz
A) = Φ2(i∂µπ +
1
2
(z¯
↔
∂ z)).
Analogously, let us introduce ΩiA = {−(λi + χi), (χi − λi),Ωia}. Then the spinor field
constraint
xλi + yχi − z
a
2
Ωia = 0 (21)
allows one to exclude spinor χi. Again in order to have canonical kinetic terms one has to
make two changes Ωia → Ωia + z¯aλi and λi → y¯√2λi. We have
i
2
Ω¯iADˆΩiA = i
2
λ¯iγµ[Dµ − 3
4
Uµ]λi +
i
2
Ω¯iaγµ[Dµ − 1
4
Uµ]Ωia − i√
2
λ¯iγµΦ∂µz
aΩia (22)
It is not hard to rewrite supertransformations in term of the new fields (here we give the
terms without vector fields only):
δeµr = i(Ψ¯µ
iγrηi) δΨµi = 2Dµηi − 1
2
Uµηi
5
δλi = −iεijγµ
[√
2
∂µΦ
Φ
+
1√
2
Uµ
]
ηj δΩia = −iεijγµΦ∂µzaηj
δΦ =
Φ√
2
εij(λ¯iηj) δπ =
√
2
Φ2
εij(λ¯iγ5ηj)− 1
Φ
εij(Ω¯iaγ5z
aηj) (23)
δxa =
1
Φ
εij(Ω¯iaηj) δy
a =
1
Φ
εij(Ω¯iaγ5ηj)
The corresponding part of the Lagrangian looks like:
L = −1
2
R +
i
2
εµνρσΨ¯µ
iγ5γν[Dρ − 1
4
Uρ]Ψσi +
i
2
λ¯iγµ[Dµ − 3
4
Uµ]λi +
+
i
2
Ω¯iaγµ[Dµ − 1
4
Uµ]Ωia +
(
∂µΦ
Φ
)2
− 1
4
Uµ
2 +
1
2
Φ2∂µz¯∂µz −
−1
2
εijλ¯iγ
µγν [
√
2
∂νΦ
Φ
+
1√
2
Uν ]Ψµj − 1
2
εijΩ¯i
aγµγνΦ∂νz
aΨµj −
− i√
2
λ¯iγµΦ∂µz
aΩi
a (24)
One can see that the π field enter through the divergency ∂µπ only, one of the isometries
acting as a translation π → π + Λ. That explains our special choice for π. Let us stress,
that the last two formulas are universal in a sense that they are determined by the choice of
scalar field geometry and do not depend on the choice of dual version.
Now it is not hard to get from the formulas (5), (8) our hidden sector in terms of the
physical fields (note that our current notations differ a little from ones used in [4]). Additional
terms for the supertransformations looks like:
δΨµi = − i
4Φ
εijσ(A− γ5B)γµηj
δAµ = Φ
[
εij(Ψ¯µiηj) +
i√
2
(λ¯iγµηi)
]
δBµ = Φ
[
εij(Φ¯µiγ5ηj) +
i√
2
(λ¯iγµγ5ηi)
]
(25)
δλi = − 1
2
√
2Φ
σ(A+ γ5B)ηi
and whose for the Lagrangian have the form:
L = − 1
4Φ2
(Aµν
2 +Bµν
2)− π
4
(AµνA˜µν +BµνB˜µν)−
− 1
4Φ
εijΨ¯µi(A
µν − γ5A˜µν + γ5Bµν + B˜µν)Ψνj +
+
i
4
√
2Φ
λ¯iγµσ(A+ γ5B)Ψµi (26)
Note here that for this model (just because the matrix gab is degenerate) the global
symmetry of the Lagrangian is enhanced. At first we have axial U(1) transformations acting
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on the spinor fields as well as on the complex vector field Aµ + γ5Bµ. Then we have scale
transformations such as Φ→ eΛΦ, (Aµ, Bµ)→ eΛ(Aµ, Bµ), π → e−2Λπ. And at last the whole
Lagrangian including terms with vector fields is invariant under translations π → π + Λ.
As for the matter vector fields, there are two ways. One can use general formulas (16), (17)
and, making some kind of regularization for matrixKa
α in order to avoid singularities, rewrite
them in term of the physical fields (keeping only terms which survive when regularization
parameter goes to zero and making field rescaling if necessary). On the other hand one can
start directly from the hidden sector and add to it the additional vector multiplets. We have
explicitly checked that both ways lead to the same answer, namely, that
δCµ
a = i(Ω¯iaγµηi) + ε
ij(Ψ¯µiΦz
aηj) +
1√
2
(λ¯iγµΦz
aηi)
δΩia = −1
2
[(σC)a − xa(σA)− ya(σB)]ηi (27)
are the only additional terms for the supertransformations, while the Lagrangian has to be
completed with:
L = −1
4
(Cµν
a)2 +
1
2
Cµν
a[(xaAµν + y
aBµν)− (yaA˜µν − xaB˜µν)]−
−1
4
(xaAµν + y
aBµν)[(x
aAµν + y
aBµν)− (yaA˜µν − xaB˜µν)] +
+
i
4
Ω¯iaγµ[(σC)a − xa(σA)− ya(σB)]Ψµi (28)
As we have already mentioned the hidden sector [4] includes also the hypermultiplet in a
formulation with a singlet Φ˜ and a triplet πi
j of scalar fields as well as a doublet χi of spinor
fields. It is not hard to introduce such a multiplet in our model by adding to the Lagrangian
L =
1
2
(
∂µΦ˜
Φ˜
)
+
Φ˜2
2
(∂µ~π)
2 − 1
2
εijχ¯iγ
µγν [δj
k ∂νΦ˜
Φ˜
+ Φ˜∂νπj
k]Ψµk +
+
i
2
χ¯iγµ[Dµ +
1
4
Uµ] +
1
8Φ
εijχ¯iσ(A− γ5B)χj −
− i
4
Φ˜[εµνρσΨ¯µ
iγ5γν∂ρπi
jΨσj + λ¯
iγµ∂µπi
jλj −
−χ¯iγµ∂µπijχj + Ω¯iaγµ∂µπijΩia] (29)
and to the supertransformations:
δ′Ψµi = −Φ˜∂µπijηj
δχi = −iεijγµ[δjk ∂µΦ˜
Φ˜
+ Φ˜∂µπj
k]ηk (30)
δΦ˜ = Φ˜εij(χ¯iηj) δ~π =
1
Φ˜
εij(χ¯i(~τ)j
kηk)
Here (~τ )i
j - is the usual Pauli matrices and we use πi
j = ~π(~τ )i
j.
The peculiar feature of this formulation for the hypermultiplets is the invariance of the
Lagrangian under translations ~π → ~π + ~Λ. This allows one to introduce masses for two
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vector fields Aµ and Bµ using e.g. fields π1 and π2 as the Goldstone ones. So let us make in
the Lagrangian and in the supertransformations the replacement:
∂µπi
j → ∂µπij −Aµ(t1)ij − Bµ(t2)ij (31)
where (t1,2)i
j = m1,2(τ1,2)i
j . As usual in supergravity such a replacement spoils the invariance
of the Lagrangian under the supertransformations but it can easily be restored by adding to
the lagrangian
∆L = ΦΦ˜
{
−1
4
Ψ¯µiσ
µνεij(M+)j
kΨνk − i
2
√
2
Ψ¯µ
iγµ(M−)i
j [λj +
√
2χj ]−
− 1√
2
λ¯iε
ij(M−)j
kχk − 1
4
χ¯iε
ij(M−)j
kχk
}
(32)
where (M±)ij = (t1)ij ± γ5(t2)ij and to the supertransformations:
δ′Ψµi =
i
2
ΦΦ˜γµε
ij(M+)j
kηk
δ′λi =
1√
2
ΦΦ˜(M+)i
jηj (33)
δ′χi = ΦΦ˜(M+)i
jηj
From this formulas one can see that in this model we can really have spontaneous su-
persymmetry breaking with two different scales, gravitini masses being connected with the
vector field masses through the relations µ1 =
m1−m2
2
and µ2 =
m1+m2
2
. There are no any
scalar field potential in this model so the cosmological term is automatically equals to zero.
Note that one could introduce a gauge interaction for vector multiplets for some nonabelian
gauge group G as well. In this case a nonzero scalar field potential for the za fields will be
generated but the cosmological term remains to be zero. At the same time one can see that
no soft breaking terms are generated in this model in great contrast with the case of the
geometry SO(2, m)/SO(m)⊗ SO(2).
4 Conclusion
Thus we have shown that for the system of N = 2 supergravity - vector multiplets with
fixed scalar field geometry one can have a whole family of the Lagrangians interpolating
between previously known dual versions for such models. We have seen that it is the choice
of dual version that determines the possibility to have spontaneous supersymmetry breaking
without a cosmological term while the scalar field geometry determines the pattern of soft
breaking terms that are generated (or not generated) after symmetry breaking takes place.
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